Background: Hypospadias is a congenital disorder of male genital formation where the 1 6 urinary opening is not on the head of the penis and genetic factors play an important role in 1 7
Introduction 4 0
The child born small for gestational age (SGA) is defined as the one with birth weight SureDesign 2.0 tool (Agilent Technologies, Santa Clara, CA, USA) ( Table 1) . Genes that 7 0 participate in the process of sex development and growth were included. Exonic regions of the 7 1 target genes were included, including an area up to 25 bp before and after each exon.
2
The panel-based sequencing was performed in the Illumina MiSEQ platform was used for molecular diagnosis in both children with SRS phenotype. The identified 7 9 variants were classified according to American College of Medical Genetics (ACMG) criteria 8 0 (9).
1
The targeted panel sequencing data were screened for rare variants (minor allele 8 2 frequency < 0.1% in the public databases: Genome Aggregation Database (gnomAD) (10,11), pathogenic by at least three in silico programs).
7
The sequencing reads carrying candidate variants were visually confirmed using the 8 8
Integrative Genomics Viewer (Broad Institute, Cambridge, MA). Candidate variants were 8 9 segregated in the available family members by Sanger method. confirmed the heterozygous p.Gln813fs variant in his mother. The child is a SGA boy, born 9 7 from non-consanguineous parents, with disproportionate short stature, proximal hypospadias, 9 8 unusual facial features (hypoplastic midface; short, broad neck). The last syndromic subject is 9 9 a SGA child, born from consanguineous parents, with triangular face, hypoplastic midface, 1 0 0 frontal bossing, short stature, proximal hypospadias, feeding difficulties, and early respiratory Val717Ile and p.Ala737Thr) were found associated with GATA4 p.Pro407Arg and with 1 0 7 WWOX p.Ttyr85Asp, respectively, in two children; three children each have heterozygous 1 0 8 variants, the WT1 p.Cys350Arg, the IGF1R p.Arg1337Cys, and the BMP8B p.Arg116Cys (Table 3) . Sanger sequencing confirmed the occurrence of the heterozygous variant 1 1 0 BMP8B p.Arg116Cys in the patient's mother. Some studies believe that this low diagnosis could be explained because this condition has yet 1 1 5 unknown genes and/or environmental factors involved (14, 15, 16) . The present study 1 1 6 investigated a possible molecular cause of hypospadias in syndromic and non-syndromic 1 1 7 children. In the syndromic SGA patients with hypospadias, the molecular diagnosis confirmed patients with this syndrome (6). It is interesting to note that SGA patients also present a high 1 3 5 frequency of genital atypia, ranging from 15 to 30%, of undetermined etiology (7). We 1 3 6 hypothesized that genital atypia in SRS is not directly related to the epigenetic cause of the 1 3 7 syndrome but it could share the same genetic mechanism of hypospadias in SGA children. Studies of methylation role in specific disorders, as well as its influence on phenotypes 1 3 9 would be helpful to increase our understanding about external genitalia development, In non-syndromic SGA children, seven rare heterozygous variants with uncertain 1 4 2 significance in six DSD-related genes were identified in these patients. The causes of 1 4 3 hypospadias could be attributed to defects in genetic factors or considered syndrome-1 4 4 associated hypospadias (14, 17, 18) . However, the association of these variants of uncertain 1 4 5 significance with the phenotype could not be established in the absence of functional studies. In conclusion no proven genetic defects clarify the etiology of hypospadias in 1 4 9 syndromic and non-syndromic SGA children, suggesting that multi-factorial causes, unknown 1 5 0 genes or unidentified epigenetic defects, may be involved in the etiology of this condition. reporting of clinical genome sequencing results in the CLARITY Challenge. Genome Table 1 . Genes included in both custom panels.
Target genes
ARL6 BBS9 CUL7 DNAJC15 FSHR HHAT KATNAL1 NANOS2 PDGFRB SMARCE1 STIM1 *In bold, genes included only in the second version of the panel with significant variants. 
